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[4. The invention of claim 3 wherein the capacitive load has a first terminal 
connected to the first switch and a second terminal connected to a source of a second 
potential.] 

[5. The invention of claim 4 wherein the second switch has a first terminal 
connected to the first terminal of the load and a second terminal connected to said 
source of a second potential.] 

[6. The invention of claim 5 wherein each of the third switches has a first 
terminal connected to the first terminal of the load and a second terminal connected to a 
first terminal of an associated one of the plural capacitive elements.] 

[7. The invention of claim 6 wherein the means for selectively activating the 
first, second and third switches includes a finite state machine.] 

[8. The invention of claim 7 wherein the finite state machine is designed to 
receive a clock signal and an input signal and provide selective activation signals for the 
first, second and third switches in response thereto.] 

[9. The invention of claim 8 wherein a second temiinal of each of the plural 
capacitive elements is connected to said source of a second potential.] 

[1 0. The invention of claim 9 wherein each of the capacitive elements has a 
capacitance which is at least an order of magnitude greater than the capacitance of the 
load.] 

[11. A method for efficiently charging and discharging a capacitive load from a 
single voltage source including the steps of: 

providing a first switch for selectively connecting the voltage source to the 
load; 

providing a second switch for selectively providing a short across the load; 
providing plural capacitive elements; 

providing plural third switches for selectively connecting each of the 
capacitive elements to the capacitive load; and 
selectively activating the first, second and third switches to gradually 
charge or discharge the capacitive load.] 
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[1 2. A system for charging and discharging a capacitive load comprising: 
a first switch system that opens and closes a circuit between the 
capacitive load and a substantially constant first voltage potential; 
a second switch system that opens and closes a circuit between the 
capacitive load and an energy storage system that always stores energy 
substantially only in capacitance, said second switch system causing said 
energy storage system to electrically disconnect from any conducting 
circuit when said second switch system is open; 
a third switch system that opens and closes a circuit between the 
capacitive load and a substantially constant second voltage potential, the 
second voltage potential being different from the first voltage potential; 
and 

a controller communicating with said first, second and third switch systems 
and causing said switch systems to close and open in a sequential fashion 
such that the magnitude of the voltage that is delivered to the capacitive 
load increases and then decreases in a staircase manner; 
whereby energy that is delivered to the capacitive load is recovered during 
decreases in the magnitude of the voltage, and 
whereby the recovered energy is always stored substantially only in 
capacitance and is substantially re-delivered back to the capacitive load 
during increases in the magnitude of the voltage, thus effectuating energy 
conservation.] 
13.-126. (Previously canceled). 

127. An apparatus for driving a capacitive load, comprising: 
a voltage source: and 
a switch network. 

vA/h>:.rPin the switch network is operab l ^^ tn electricallv connect the 
na padtive load «nH fhft voltage so nrrp tn drive the load to a first voltage level, 

wharpin thp switch netw nrk is further operable to electrically connect the 
na panitive load a"H « nanacltive s^ nranp system, and wherein when the 
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10ft An ap paratus as daimftri in claim 1 ^7 . wherein the oapacitive load 
rnmnrisfis a first c ^ p^ritivfi element a n d the capa citive stora ge system comprises a 
second capacitive element. 

i oQ An ap paratus as claim pri in claim 1 27. wherein the oapacitive storage 
s ystem comprises a plurality capacitive elements. 




i -^o An ap paratus as claimed in claim 1 ? 7 wh e r ein th e capacitive load 
rnm prises a first c ^ p^nitivP element a n d the capa citive storage system comprises a 
..rnnH caoacitive ^i^mpnt and wher e in wh e n the ca pacitive storage system and the 
.a paritiva load are e.^^trinallv connecte d hv t h e switc h network the first and second , 
na panitive elements .iPctricallv conn ected such t hat a first terminal of the first 
.ananitivP element ..ortricallv connected to a first terminal of the second capacitive 
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ftlfiment and a second terminal of the first ca nacitive element and a second terminal of 
the second capacitive element are electrica lly connected to a common potential. 

1 An apparatus as claimed in claim 1 27. w herein the switch network 
comprises a plurality of switching e lements. 

1 .'^4 An apparatus as claimed in claim 1 27. w herein the switch network 
comprises a plurality of M PS transistors. 

1 f^fi An apparatus as claimed in claim 1 27. wh erein a capacitance of the 
naoacitiye storage system is larger than a ca pacitance of the capacitive load. 

1 :^fi An apparatus as claimed in claim 1 27. wh erein a capacitance of the 
canacitive storane system is an order of maan ituHe larger than a capacitance of the 
capacitive load. 

1-^7 An apparatus as claimed in claim 127. whe rein the apparatus is a driver. 

1 An apparatus as claimed in claim 1 27. w herein the switch network is 
further operablf^ to electrically connect the cap acitive load and the voltage source to 
drive the capacitive load to a t h ird voltage level, wherein when the capacitive storage 
s ystem and th e ca pacitive load are electrically connected bv the switch network, the 
capacitive load settles at a se c nnd voltage level between the first and third voltage 
levels, and wherein during oper a tion of the apparatus, the capacitive load is first driven 
to the first voltane. then subse g nfintlv settles a t the second voltage level, and then is 
subsequently driven to the third vo ltage level. 



1 39. An apparatus comprising: 
a ca pacitive load: 
a voltage source: 
a switch network: and 
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a capacitive storage system. 

wherein the switch networl< is op erable to electrically connect the 
.o p^HtivP mad and the volta ge «"Nrr.e to driye the load to a first voltage leyel. 

whprf.in the switch network Is further operable to electrically connect the 
ra paritix/P load and the c? p«r.itive storage system, and wherein when the 
.opaHtiwp ^tnrane system an d thP ranacitive load are electrically connected by 
tho cvA/itrh nPtwork. a voltan^ i^vel of the c apac itive storag e system tends to self 
Rtahllize to a second voltage level, and 

whPrein the switch network is fu rther operable to cause charge to be 
♦r^ncforrpH from the capac itivp storaoe sub s y stem to the c apacitive load and is 
cfiii fnrthpr n pprahle to cau s ^ rharne to be transferred from the capacitive load to 
the ca pacitive s torage subsystem. 

1 An An apparatus as claimed in clai m 1 39. wherein the capacitive load 
rnm prises a first ra pacitive elem e nt and the capacitive storage system comprises a 
second capacitive element. 

lAi An ap paratus as claimed in claim wherein the capacitive storage 
system comprises a plurali ty of capacitive elements. 

1 Z19 An a p paratus as nlaimed in claim 1 ^Q. wherein when the capacitive 
storage system and thP capacitive l o ^ri arP electrically connected by the switch network, 
thP ca pacitive stor ^g ^ system and f hp rapacitive load are electrically floating- 
id:^ An apparatus as claimed in cla im 139. wherein the capacitive load 
mm prises a first r^ par.itiye elemen t and the caoacitiN^e storage system comprises a 
^Pmnd capacitivp ^i^mpnt. and wh^ rpin when the caparitive storage system and the 
ra pacitive load arp PiPntricallv cop p ^rtpd by the switch network, the first and second 
ca pacitive elements are ele ctrically connected in parallel. 
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AA^ An ap paratus as claimed in claim 1 ^^, wherein the switch network 
nomprises a plurality of sw itching elennents. 

AAR An ap paratus as claimpri in claim 1 3 9 wh e r ein th e switch network 
comprises a plurality of MP S transistors. 

'iA7 An ap paratus as claimed in claim wherein a capacitance of the 
ra pacitiye storage ^ y^t^m is laroer than a canacitance of the capacitlye load. 
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1 t^n An apparatus for ririvina a cap? ^'^'^^^ comprising: 
a voltage source: and 
a switch network. 

.,horain thP switch networw k npprable to elRctrically connect the 

..oH onH thp vnitaoe sour rP to drive t he load to a first voltage level . 
.......in fh. .witr.h networ k f .rfhpr nnerable to electrically connect the 

..oH .nH a r^nacitive ctnra gp «v5;tem. and wherein when the 
.....^p . y^tpm and the ranac i tive lo ad are electrically connected 

........ .HP .ananitive stor ane system is electrically isolated from the 

\/nitflq ft source, and 

.Mhorpin thP 5.witch nety ^'^ri. i« further operahle to r^iise charge to be 
tr,n.f....x thp ranadtlve Stor age subsyste m to the capacitive load and is 
-^i„ f„rth^^ ^r^roKip .a,..P charge to he t r ansferred from the capacitive load to 
thP ra pacitive sto rage subsvstem. 

1 An .p paratuf; as daim '^H in daim 1 50. >A^herein the capacitive load 
..m pri.P. a first ca o ^^'^^^^ ^i^ment and the capacitive storage systom comprises a 
second capanitive element. 

An apparatus as claim^H in r.laim 150. wherein the capacitive storage 
s ystem comori^ ^^^ « pluralitv o f rapacitive elements. 

An apparatus as claim^H in r.laim 150. wherein when the capacitive 

.....,p .vstPm and th. ^^p-'^'- '^^'^ 
.HP .a pacitive storag e <^y<^tpm and the cannriti>^e load are electrically float.nc 

An apparatus as claim^^H in claim 150. wherein the capacitive load 
..n^pricps a first cap -^-'^'w^ ^'^mpnt and the capacitive storage system comprises a 
e...nH canacitive ele^-^ whPrPin when thn rnnnritive storage system and the 
..pa.,..p mad are elect-'--"v ^^nnPcted bv thn n.itrh net>.ork the first and second 
ra pacitive elem ents arP electricalh^ connectod in parallel. 
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1 p« An .p p;,rat..s as claim ^H in rJaim 1 50. wherein the switch network 
mm prises a plurality of s witr.hina elements. 

An ap paratus as clai r^^H in dalm 1 50. ^^^herein the switch network 
mm prises a plurality of MP S transistors. 

. ^« An ap paratus as cla i mpH in niaim 1 50 wherein a capacitance of the 
.ananiti.^. storaoe S Y-^-'- iarn^r than n np.ritanre of the capacitiye load. 

. An ap paratus as cla impri in claim 1 50 >/^rherein a capacitance of the 
..paHtivP storage s y-^-"- "^d^r of manniti ide larger than a ca pacitance of the 
ra pacitive load. 

1«n An apparatus as claimpH in r.laim 150. wherein the apparatus is a driyer. 

. An ap paratus as clai '^^H in r.lalm 1 50. wherein the switch network is 
f ■HK.r n pprahle to e '^^^^-^^- Y --"""^^-t the rananitiye load and the yoltaqe source to 
thP nanacitiye ---h tn a third yoitaoe leyel wherein when the capacitiye storage 
c yctpm and the cap^^'«^^^ in^rt are electri ca ll y connec ted by the switch network, the 
..paHtiwP load settl e- ^ '^^^"nd yoltaae leyel hetween the first and third voltage 
....... .n. .,K.rpin during ooera -if thn nppnrnfr the capacitiye load is first dr.ye^ 
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♦h. fir.t voltage, t h^n .■■h.Pnu.ntIv settl es at the se cond volt ag e level, and then is 
fiiihseauentlv Hrivfin to the third voltage level. 




An ap paratus as clain ^H in niaim 162. wherein the capacltive load 
.nm pri.Ps ^ first ca p ':'^'tivp pipmpnt and the capacitive storage system comprises a 
second capacltive element. 

An app.mt..s as claimeH in rl^im 162. wherein the capacitive storage 
s ystem comprises a plurality rapanitive elements. 

An cp paratMs as claj m^H in claim 162 wherein when the capacitive 
e..... . .vstPm and th - ^^ p^^'^^^^ '"^^ are elertrirally connected by the switch network. 

.ho rapadtive storage <^ y'»t.m and the capacitive load are electrically floating. 
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1 fifi An apparatus as claimed in claim 1 62. wherein the cap acitive load 
rnm prises a first nanacitive ele m ent and the caDacltive storaqe system comprises a 
sfir.nnd caoacitivfi Riement. and wherein when the capacitive st oraqe system and the 
ranadtive load arP filectricallv c o "npr.ted bv the switch network, the first and second 
capacitive elfiments are electrically con nected in oarallel. 

Ifi7 An apparatus as claimed in claim 1 62. wherein the capa citive load 
rnmnrises a firs t ra pacitive ele m ent and the capacitive storaqe system comprises a 
sprnnd caoacitiv*:^ filament, and wHpmin when the capacitive storaqe system and the 
na panitive load filfictricallv c-onnficted bv the s w i tch n etwork, the first and second 
na parJtive elements are electric all y connected such that a first terminal of the first 
ranacitive element is electricallv rnnnficted to a first terminal of the second capacitive 
Pigment and a spcnnd terminal nf the first capacitive element and a second terminal of 
the second capacitive element arp electricallv connec ted to a common potential. 

1 fi« An apparatus as claimed in claim 1 62. wh firein the switch network 
comprises a plurality of switching e lements. 

I RQ An apparatus as claimed in claim 162. wh erein the switch network 
comprises a plurality of MPS transistors. 

1 70 An apparatus as claimed in c laim 1 62. wherein a capacitance of the 
na pacitive storanp system is l arnpr than a capacitance of the capacitive load. 

171 An apparatus as claimed in claim 1 62. wh e rpin a capacitance of the 
ranadtive storanp system is an o rrtpr of magnitude larger than a capacitance of the 
capacitive load. 

179 An apparatus as daimed in claim 162. wh e rpin the switch network is 
ft.rthPr operable to PiPdricallv co p nprt thP capacitive load and the voltage source to 
Hrix/P the capacitive load to a third vnltanp level, wherein when the capacitive storaqe 
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system and the capacitive load are electric ally connected hv the switch network, the 
capacitive load settles at a second voltag e leyel between the first and third voltage 
levels, and wherein during operation of the a pparatus, the capacitive load is first driven 
to the first voltage, then subsequently settles at the second volta ge level , and then is 
subseouentiv driven to the third voltage level. 

1 73. An apparatus for driving a capaciti ve load, comprising: 
a voltage source: and 

a switch network. 

wherein the switch network is operable to electricallv connect the 
ra pacitive load and the voltage source to drive th e load to a first voltage level. 

wherein the switch network is further op erable to electricallv connect the 
na pacitive load and a capacitive storage system , and wherein when the 
na pacitive storage system and the capacitive lo ad are electricallv connected by 
thfi switch network, the capacitive storage syste m and the capacitive load are 

electrically floating, and 

wherein the switch network is further operable to cause charge to be 
transferred from the capacitive storage subsys tem to the capacitive load and is 
still further operable to cause charoe to be trans ferred from the capacitive load to 
the capacitive storage subsystem. 

1 74. An apparatus as claimed in claim 1 73. wherein the capacitive load 
comprises a first capacitive element and t he capacitive storage system comprises a 
second capacitive element. 

1 75. An apparatus as claimed in claim 1 73. w herein the capacitive storage 
system comprises a plurality of ca pacitive elements. 

1 7fi. An apparatus as claimed in claim 1 73 , wherein when the capacitive 
storage system and the capacitivfi load are ele ntrinallv connected hv the switch network. 



LAS99 1346569-1.061450.0027 



12 



61450-027 



09/758,631 



thfi caoacitive storage system and the caoacit ive load are elentrically disconnected from 
the voltage source. 

1 77. An apparatus as claimed In claim 1 73. wherein the capacltive load 
comprises a first capacitive element and the caoacitive storage system comprises a 
second caoacitive element, and wherein w hen the capacltive storage system and the 
capacitive load are electrically rnnnected bv t he switch network, the first and second 
capacitive elements are electrically c onnected in parallel. 

1 78 An apparatus as claimed in claim 1 73. wherein the capacitive load 
comprises a first capacitive element and th e capacitive storage system comprises a 
second caoacitive element, and wherein w h en the capacitive storage system and the 
capacitive load are electrically connected bv the switch network, the first and second 
capacitive elements are electrically connect ed such that a first terminal of the first 
capacitive element is electrically connected t o a first terminal of the second capacitive 
element and a second terminal of the first c a oacitive element and a second terminal of 
the second caoacitive element are electrically connected to a commo n potential. 

1 7Q An apparatus as claimed in claim 1 73. w herein the switch network 
comprises a plurality of switching elements. 

1 fin. An apparatus as claimed in claim 1 73. w herein the switch network 
comprises a plurality of MPS transistors. 

1 fi1 ■ An apparatus as claimed in claim 1 73. w herein a capacitance of the 
capacitive storage system is larger than a capacitance of the capacitive load. 

1 82. An apparatus as claimed in claim 1 73. wherein a capacitance of the 
capacitive storage system is an order of mag nitude larger than a capacitance of the 
capacitive load. 
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An pp p;.ratus as clai mpH in riaim 1 73. wherein the switch network is 
f .rthPr nnarable to pipntrinallv connec t th. r;,nadtive load and the voltage source to 
HriwP thP rapacitive m^d tn a third volt ^g ^ l^vel wherein when the capacitive storage 
c yctpm and the cap^^tivP Inad are el e rtrir^^llv r.onnected hv the switch network, the 
rn p^nitive load setti^^ ^t a second vQ it^g ^ l^v^l between the first and third voltage 
■..pk .nd wherein h. .rinn nneration of t h e apparatus , the capacitive load is first driven 
fn thP first voltace thpn snhseauentl v ^^^^^ttiP. at the second voltage level, and then is 
subseauently driven to the third voltage level. 



185. An ap paratus comprising: 
a ra pacitive load: 
a volta ge source: 
g gwitrh network: and 
a ra pacitive storace svstem. 

.Mhoroin thP switch network is operable to electrically connect the 
ra paritive load anH thP vnltaae sour c e HrivP the load to a first voltage level, 
,,,K.roin fho switrh networi^ is fnrthpr operable to electrically connect the 
ra panitive load anH thP ranacitive sto r age syste m, and wherein when the 
ra paritive storac ^ ^ Y^tPm and the r aparJtivP load are electrically connected b^ 
thP .witr.h network thp ra par.itive storage system and the c a pacitive load are 

electrically floating, and 

,»horoin thP switch netwo rk is further ooerahle to cause charge to be 
transferred from th ^ p-. panitive storag e subsystem to the c a pacitive load and is 
still further operablp tn r.a..se charge t o he transferr ed from the capacitive load to 
the capacitive storage subsystem. 
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1 fi7 An apparatus as claimed in claim 1 85. whe rei n the capac itive storage 
system comprises a plurality of capaci tive elements. 

1 ftfi An apparatus as claimed in claim 1 85. wherein when the capacitive 
^tnranfi system and the capacitivp load are electrically connected by the switch network. 
thP canacitive stnrane system an d th^ nanacitive load are electrically disconnected from 
the voltage source. 

1 «Q An apparatus as claimed in c laim 1 85. wherein the capacitive load 
nnmnrises a first nanacitive ele m ent and the capacitive storage system comprises a 
^Pcnnd capacitive Pigment, and w hprpin when the capacitive storage system and the 
na panitive load arp pifictricallv co p npctPd bv the switch network, the first and second 
capacitive elaments are electrically con nected in parallel. 

1 Qn An apparatus as claimed in c laim 1 85. wherein the capacitive load 
nnmnrises a first nanacitive ele m ent and the capacitive storage system comprises a 
sficond caoacitivp Pigment, and wherein when the capacitive storage system and the 
na pacitive load arp PiPctricallv c p nnPntPd bv the switch network, the first and second 
nanacitive elempnts are electrical l y nnnnected such that a first terminal of the first 
na pacitive element is PiPctricallv c o nnpntPd to a first terminal of the second capacitive 
PiPmpnt and a sp^nd terminal o f thP first capacitive element and a second terminal of 
the second capacitive elemen t arp electrically connected to a common potential. 

1 Q1 An apparatus as claimed in c laim 1 85. wherein the switch network 
comprises a plurality o f switching elements. 

1Q9 An apparatus as claimed in cla im 185. wherein the switch network 
comprises a plurality of MPS transistors. 
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1 q:^. An apparatus as claimed in rJaim 1 85. whe rein a capacitance of the 
na panitive Storage system is lamer than a ca pacitance of the capacitive load. 

1 QA An apparatus as claimed in c laim 1 85. wherein a capacitance of the 
ra pacitive stora g e system is an nrrier of maonit ude larger than a capacitance of the 
ca pacitiye load. 

iQfi An apparatus as claimed in cla im 185. wherein the .switch network is 
further operable tn electrically m nnect the capacitiye load and the voltage source to 
drive the caoacitivp Inad to a th irH voltage level, wherein when the capacitive storage 
system and the ranacitive load «m electrically co nn ec ted by th e .switch network, the 
ranacitive load ^^ttles at a seco nd voltage level between the first and third voltage 
Ipvels, and wherein during oper a tion of the apparatus, the capacitive load is first driven 
to the first voltaop then subse a ..pntly settles at the second voltage level, and then is 
subsequently driven to the third vo ltage level. 
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